INTRODUCTION {#sec1-1}
============

The earliest known surgical operation in humans was decompressive trepanation of the skull, performed in the Neolithic era.[@ref1] Surgery continued to evolve with the advent of anesthesia, antiseptics, and X-ray in the 19^th^ century, allowing for more complex and precise procedures, as well as decreased mortality from sepsis.[@ref2][@ref3] Novel use of technology has driven surgical advancement, from implantable technology such as the total artificial heart, cochlear implant, and inflatable penile prosthesis (IPP) to surgical techniques such as endoscopy and robotics.[@ref4][@ref5][@ref6][@ref7][@ref8] The current state of endoscopic and robotic surgery has rendered many once open procedures to minimally invasive techniques.[@ref4][@ref5] As the surgical evolution continues, new technologies will become more ubiquitous in the operating room, for both patient and surgeon.

Augmented reality (AR) is defined as a "technology that superimposes a computer-generated image on a user\'s view of the real world, thus providing a composite view."[@ref9] AR is widely used in aeronautics to assist pilots in takeoff, maneuvers, and landing; some have suggested a similar embrace of this technology in the field of surgery.[@ref10] Recent use of AR in minimally invasive surgery has resulted in the creation of hybrid image-guided surgery using endoscopic and robotic video feeds. A dedicated institution has been developed around image-guided hybrid therapies.[@ref10] However, the delivery of AR in open surgery will require an alternative technology for the surgeon\'s interface.

Optical head-mounted displays (OHMDs) and specifically Google Glass\'s® wearable technology (Google Inc., Mountain View, California) have shown to be an effective tool in both the clinical and operative setting and can be used as an AR interface for surgery.[@ref11] OHMDs have demonstrated to help anesthesiologists maintain awareness of the patient\'s status in a distracting operating theater.[@ref12][@ref13] AR is an emerging open surgical tool in education and is effective in orthopedic surgery in the creation of a composite view of student and teaching surgeon.[@ref14] Google Glass has been studied in other surgical fields including plastic surgery and Mohs surgery.[@ref15][@ref16] In urology, a primitive form of AR has been implemented in robotic partial nephrectomy.[@ref17][@ref18] To date, there is no study of the use of AR or Google Glass in open urologic surgery. In this pilot study, our aim is to determine the feasibility of implanting AR in the setting of an OHMD that could be built for open urologic surgery not only as a surgical assistant but also as a surgical training tool in the placement of IPP. This is a pilot study to look at the use of Google Glass as an Andrologic training tool. We use the phrase Augmented Reality Assisted Surgery (ARAS) to describe this novel application of AR in the setting of urologic surgery.

MATERIALS AND METHODS {#sec1-2}
=====================

After an IRB was obtained, Google Glass with software version XE 22.1 was purchased from Google during the beta testing phase. The device was loaded with a developed glass application, which contained a menu ([**Figure 1**](#F1){ref-type="fig"}) with several options including a demonstration on how to place an IPP from start to finish in the penoscrotal approach, the most commonly used surgical approach for this procedure.[@ref19] It also contained software that allowed for detection of interest points using an optical display camera from the OHMD output feeds to allow faculty to interact with residents during placement of the penile prosthesis ([**Figure 2**](#F2){ref-type="fig"}). In the operating room, the OHMD is worn as a pair of glasses, with a monocular refractive lens over the right eye projecting input to the surgeon. The application is launched via voice commands or by tapping a menu display on the side of the Google glass. Once the application has loaded, the user is presented with a menu. Menu options include: how to use Google Glass, a step-by-step placement video of IPP placement in the penoscrotal approach, an interactive video display, and a section about the authors and build of the application.

![ARAS menu screen shot from Google Glass application. ARAS: Augmented Reality Assisted Surgery.](AJA-18-732-g001){#F1}

![ARAS application screen shot demonstrating detection of interest points using an optical display camera from the OHMD output feeds with faculty interaction during IPP placement. ARAS: Augmented Reality Assisted Surgery; OHMD: optical head-mounted displays.](AJA-18-732-g002){#F2}

In the first component of the application, video footage corresponding to the sequential steps of the IPP procedure was projected onto the live view of the patient in real time. This allowed trainees to visualize specific steps prior to completing them. The second component of the application included detection software that streamed live OR footage to a remote attending physician. The attending physician could then interact with the surgical trainee by moving a cursor highlighting areas of interest to explain details of the operation in depth. Consent was obtained to film sequences of the operations from patients undergoing IPP placement.

Study participants included urology residents and faculty at two institutions who volunteered to experience the technology and application and provide feedback. Participants were shown how to navigate Google Glass using either voice-command or tapping gestures and were given time to wear the Google Glass in either the operative or perioperative setting of IPP placement. Participants were then given a feedback survey to complete regarding the effectiveness and interest in the device and software. Survey questions included both quantitative and free text options ([**Figure 3**](#F3){ref-type="fig"}). Quantitative questions asked participations to scale their perceptions to survey questions from 1 to 10, with 1 being "not at all" and 10 being "always". Other questions included a binary yes or no response with option to input free text. The surveys were then stratified into trainee and faculty categories and calculated to determine the mean rating for quantitative questions. Free text responses were analyzed for key words and grouped as closely as possible.

![ARAS Experience Survey.](AJA-18-732-g003){#F3}

RESULTS {#sec1-3}
=======

A total of 30 participants volunteered to take part in the study. Of these, 10 were urology faculty members in academic urology programs, and 20 were either urology residents or fellows. Out of a 10-point rating scale, total participants rated the educational usefulness of the application as 8.6. Ease of navigation of the device and application was rated 7.6. The likeliness to use the technology if made available was rated 7.4. The technology was also rated if perceived as too distracting, with overall rating of 4.9 ([**Table 1**](#T1){ref-type="table"}). For the recommendation to implement the technology into respective training programs, a total of 26 responses were received (4 nonresponses), with 21/26 (81%) participants responding in the affirmative. For the belief that Google Glass has a role in the operating room, a total of 28 responses were received (2 nonresponses) with 26/28 (93%) responding in the affirmative. For the consideration of using hands-free Google Glass in future practice, a total of 28 responses were received (2 nonresponses) with 20/28 (71%) indicating the affirmative. For the belief that the application bettered understanding of the surgical procedure and anatomy during IPP placement, 16 responses were received with 9/17 (53%) responding in the affirmative ([**Table 2**](#T2){ref-type="table"}).

###### 

Mean results of ARAS experience survey from urologic faculty and trainees using 10-point rating scale
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Results of ARAS experience survey from urologic faculty and trainee respondents to yes-no questions
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When stratified between trainees and faculty, educational usefulness was found to be 8.7 versus 8.4, respectively. Ease of navigation was found to be 7.5 versus 7.9, respectively. Likelihood to use was found to be 7.4 versus 7.5, respectively. Distraction in the OR was found to be 4.7 versus 5.4, respectively ([**Table 1**](#T1){ref-type="table"}).

Specific comments given by participants recommended the inclusion of voice activation, patient and staff educational components for the procedure, video recording in the OR instead of streaming only, the ability to pull up patient imaging from while operating, and magnification.

Our novel study has several limitations. It is limited because the survey has not been validated and that we have a limited number of responses to the survey. Additionally, our surgical training tool was only useful in training one type of open urologic surgery. AR itself has limitations, as much of the surgical programming has yet to be done, and this technology is continuing to evolve. Another concern may be surgeon over reliance on AR, creating an intraoperative conflict as the surgeon\'s decision may not always be in line with the AR software. Limitations of the current Google Glass technology include limited battery life, overheating of the battery, and cumbersome software integration.

DISCUSSION {#sec1-4}
==========

As technology continues to permeate into every aspect of our lives, we look to integrate technology into urologic surgery and surgical training. Surgeons currently perform procedures after years of education and human surgical training to safely navigate through anatomical planes of the human body. The concept of AR, where a live view of the environment, in this case, a surgical operation, is supplemented by computer-generated sensory input using an OHMD, is the next evolutionary step in open urologic surgery and is an important training tool. Our goal is to introduce the concept of AR to enhance the surgeon\'s perception of reality during a procedure, and to enrich the learning process during a surgical procedure.

Here, we successfully demonstrate the first integration of Google Glass in the surgical training of urology residents and faculty along with the implementation of ARAS in feature detection during penile prosthesis surgery. The overwhelming response from faculty is to have a proctoring platform, while trainees slightly favored the implementation of ARAS over their training counterparts. As expected, we noticed that trainees, who are younger, rated the application more educationally useful and less distracting in the operating room than faculty, but were surprised to find faculty rating ease of navigation and likelihood to use in the future higher than trainees. This may suggest that though there is more acceptance of newer technology from trainees, there is also a higher expectation of available features and intuitive design than faculty. Suggested future capabilities include remote proctoring and a less cumbersome design. As ARAS evolves, it will continue to innovate surgical procedures by adding graphics, sounds, and haptic feedback. Advantages of ARAS include real-time feedback of residents during surgery, superior visibility, and interaction between faculty and residents. ARAS is part of the confluence of change that will be vital in the future armamentarium of surgical education.

CONCLUSION {#sec1-5}
==========

ARAS is a novel and effective urologic surgical training tool in this pilot study. Both faculty and trainees view this new technology in a positive light. Augmented reality in surgery represents a paradigm shift within surgery, and urologic training may benefit from further exploration of this technology within residency programs and practices alike. As future platforms of OHMDs become available, this technology will continue to change how medicine is both practiced and taught.
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